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BACKGROUND OF THE INVENTION 
1 . THE FIELD OF THE INVENTION 

[0001] The invention generally relates to the field of data transmission in communication 
networks. More specifically, the invention relates to simultaneous transmission of high-speed 
data and out-of-band data. 



2. DESCRIPTION OF THE RELATED ART 

[0002] Modern day communication is, in large part, accomplished by transmitting and 
receiving large amounts of digital data. Digital data signals can be used to transmit 
information such as database information, financial information, personal and business 
information, and the like. In addition, digital data signals can be used to transmit voice, 
video, images etc. 

[0003] Commonly, digital communication is accomplished using a model known as the 
Open Systems Interconnection (OSI) model. The OSI model defines a framework for 
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O § * w 5 accomplishing digital communications with seven layers on clients communicating in a 
6 | h « h g network. These seven layers are understood by those of skill in the art, and include from the 

£ i« s § ^ 

< 2 § £ £ m highest level to the lowest level: the application layer, the presentation layer, the session layer, 
2 fi 2 s 5 the transport layer, the network layer, the data link layer, and the physical layer. At the 
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application layer, data is used in end user processes. Data is packaged by each of the other 
layers of the OSI model prior to being sent using the physical layer. The physical layer 
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defines how the data is actually sent on the network, such as by electrical signals, light carried 
on optical fibers, radio signals etc. Thus, at the physical layer, actual voltages, light levels 
and radio amplitudes or frequencies are defined as having certain logical values. 
[0004] At the physical layer, one method of communicating digital data involves the use 
of transceivers. A transceiver includes a signal power source including electronic hardware 
for transmitting data signals along a physical link such as a copper wire link or fiber-optic 
link. The signal power source may be a laser, electronic amplifier, radio transmitter and the 
like. The transceiver may also include a physical layer signal reception element to receive 
physical layer signals. The physical layer reception element may be a photodiode, an 
electronic amplifier, a radio receiver, or the like. 

[0005] The transceiver may include electronic hardware for decoding signals that are sent 
between clients into data signals, such as binary representations, readable by digital devices or 
hosts to which the transceiver is connected. The transceiver may also include electronic 
hardware for encoding signals that are sent between clients from a binary representation to a 
physical layer level signal that can be transmitted across a physical link. Thus, in one 
example, a binary representation is converted to one of a modulated electronic signal, a 
modulated optical signal, a modulated radio signal or another appropriate signal. 
O i * 5 [0006] Each transceiver is generally passive with respect to other transceivers. This 
C2fjSS§ means that a transceiver simply sends and receives digital data that has been converted to a 

< 2 1 oh S physical layer level signal without extracting or processing the information represented by the 
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2 £ § s 5 digital data. In other words, transceivers do not generally communicate data to one another 
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for the benefit of the transceivers. Instead, the transceivers communicate data to one another 
for the benefit of the hosts to which the transceivers are connected. 
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[0007] A transceiver may communicate data for the benefit of the transceiver to the 
connected host device. For example, a transceiver may be configured to generate digital 
diagnostic information by monitoring the health of the transceiver. The transceiver may then 
communicate information about the health of the transceiver to its connected host. This 
communication typically takes place on an I 2 C or MDIO bus for communicating between 
integrated circuits. As a transceiver deteriorates due to age, component failure or other 
reasons, the host may be aware of the deterioration using such communications received from 
the transceiver. 

[0008] Digital diagnostics logic (also referred to herein as "digital diagnostics") may be 
used to handle various tasks and to generate monitoring and operating data. These task and 
data may include some of the following: 



on a part-to-part basis in the factory to allow for variations in component 
characteristics such as laser diode threshold current. 



(electrically erasable and programmable read only memory) or other nonvolatile 
memory. The memory may be accessible using a serial communication standard, that 



Setup functions. These generally relate to the required adjustments made 



Identification. This refers to general purpose memory, typically EEPROM 




test data. 



number, and compatibility with various standards. While not standard, this memory 



may also store additional information, such as sub-component revisions and factory 



is used to store various information identifying the transceiver type, capability, serial 
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Eye safety and general fault detection. These functions are used to identify 
abnormal and potentially unsafe operating parameters and to report these to the host 
and/or perform laser shutdown, as appropriate. 

Temperature compensation functions. For example, compensating for 
known temperature variations in key laser characteristics such as slope efficiency. 

Monitoring functions. Monitoring various parameters related to the 
transceiver operating characteristics and environment. Examples of parameters that 
may be monitored include laser bias current, laser output power, receiver power levels, 
supply voltage and temperature. Ideally, these parameters are monitored and reported 
to, or made available to, a host device and thus to the user of the transceiver. 

Power on time. The transceiver's control circuitry may keep track of the 
total number of hours the transceiver has been in the power on state, and report or 
make this time value available to a host device. 

Margining. "Margining" is a mechanism that allows the end user to test the 
transceiver's performance at a known deviation from ideal operating conditions, 
generally by scaling the control signals used to drive the transceiver's active 
components. 

Other digital signals. A host device may configure the transceiver so as to 
make it compatible with various requirements for the polarity and output types of 
digital inputs and outputs. For instance, digital inputs are used for transmitter disable 
and rate selection functions while outputs are used to indicate transmitter fault and loss 
of signal conditions. The configuration values determine the polarity of one or more of 
the binary input and output signals. In some transceivers, these configuration values 
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can be used to specify the scale of one or more of the digital input or output values, for 
instance by specifying a scaling factor to be used in conjunction with the digital input 
or output value. 

[0009] The data generated by the digital diagnostics described above is generally only 
available to the host on which a transceiver is installed. Thus, when troubleshooting problems 
with individual transceivers, a user must access the host on which the transceiver is installed 
to discover any digital diagnostic data about a transceiver. This may cause various difficulties 
when the host and transceiver are located in a remote location such as on the ocean floor or in 
remote desert locations. Further, some applications make use of repeaters, which are 
transceiver pairs that simply receive an optical data stream, amplify the optical data stream, 
and retransmit the optical data stream. In repeater applications, the digital diagnostic data is 
stored on the repeater. Thus to troubleshoot the repeater, the repeater must be physically 
retrieved and queried for any digital diagnostic data. 

[0010] Some protocols exist where digital diagnostic data can be sent as part of the high- 
speed data sent on an optical link. However, this generally involves sending the data in some 
specially defined packet or portion of a packet. Thus to retrieve the digital diagnostic data, 
the high-speed data must be disassembled such as by a framer, the digital diagnostic data 
extracted, and the high-speed data reassembled. Additionally, if digital diagnostic data is to 
be added by a transceiver in a chain of transceivers, the high-speed data must be disassembled 
and the digital diagnostic data added in the appropriate portion of the high-speed data, and the 
high-speed data, including the digital diagnostic data, reassembled. To disassemble and 
reassemble a high-speed data signal represents a significant and unwanted cost in terms of 
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data processing. Additionally, there are time delays as the data is disassembled and 
reassembled prior to retransmission of the data from link to link. 

[0011] In other presently existing systems, the digital diagnostic data may be sent in a 
high-speed data signal that includes multiple channels where one of the channels is reserved 
for high-speed data. This implementation cannot be used in single channel systems. Further, 
the use of a channel for diagnostic data reduces the amount of other high-speed data that can 
be transmitted. Also, the cost of disassembling and reassembling the high-speed data signal 
remains as the channel with the digital diagnostic data must be extracted from the high-speed 
data signal to obtain the digital diagnostic data and re-added to the high-speed data signal 
when the high-speed data signal is passed to other links in a network. 

[0012] Another challenge that arises with transceivers presently in the art relates to 
negotiating data rates along a channel. Communication at the physical layer includes 
protocols that specify, among other things, the data rate at which communication may be 
accomplished. Some protocols have variable communication data rates. This may be useful 
as the quality of the links between hosts vary. A lower quality link often requires lower data 
rates to avoid errors. Additionally, data rates may be faster on later produced devices as 
technology advances. A protocol that allows for different data rates is the fiber channel 

Pi 
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O § * M i protocol that supports data rates of 1, 2 and 4 Gigabits/second. Typically, a link between two 
6 I h g B jS devices requires that the device communicate at the same data rate. Where devices are 

Z ^ CO < £ 5m" 

< i a | h § capable of communicating at different data rates, the devices, such as host devices, negotiate 
2 2 2 s ig the data rate at which communications will occur. Presently existing negotiation protocols are 

O CO 

complex and may require inordinate amounts of network and computing resources to properly 
negotiate a data rate. 
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BRIEF SUMMARY OF THE INVENTION 
[0013] Embodiments of the present invention relate to transceivers having a signal power 
source, such as a laser driver and laser, which is configured to produce a physical link signal, 
such as an optical signal, for transmission across a physical link, such as a fiber optic cable. 
These transceivers also include a high-speed data modulator connected to the signal power 
source. An out-of-band data modulator is also connected to the signal power source. The 
signal power source creates an outgoing double modulated signal in response to the high- 
speed data modulation and out-of-band data modulation. The outgoing double modulated 
signal includes high-speed data and out-of-band data. 

[0014] Other embodiments of the invention relate to methods of transmitting data on a 
physical link. Such methods include modulating a signal with high-speed data and out-of- 
band data to create a double modulated data signal. The double modulated signal is a physical 
layer signal for transmission on a physical link. The physical layer signal, which includes 
modulations of the outgoing double modulated signal, is transmitted onto the physical link. 
[0015] In this manner, embodiments of the invention enable out-of-band data to be 
transmitted simultaneously with high-speed data on the high-speed data physical link. This 
may allow for monitoring transceiver health, remotely configuring transceivers, authenticating 



0§ v : transceivers etc. 



< o s 5 

H W ng [0016] These and other advantages and features of the present invention will become 
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s § [3 h % more frUy apparent from the following description and appended claims, or may be learned 
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2 £ 2 S S by the practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0017] In order that the manner in which the above-recited and other advantages and 
features of the invention are obtained, a more particular description of the invention briefly 
described above will be rendered by reference to specific embodiments thereof which are 
illustrated in the appended drawings. Understanding that these drawings depict only typical 
embodiments of the invention and are not therefore to be considered limiting of its scope, the 
invention will be described and explained with additional specificity and detail through the 
use of the accompanying drawings in which: 

[0018] Figure 1 illustrates a connection between two host devices for communicating 
high-speed and out-of-band data; 

[0019] Figure 2 A illustrates an eye diagram showing channel margins that may be used to 
modulate out-of-band data onto a high-speed data signal while still maintaining an appropriate 
extinction ratio; 

[0020] Figure 2B illustrates an eye diagram showing out-of-band data modulated using an 
average power setting of a transmitter; 

[0021] Figure 2C illustrates a high-speed data signal modulated with out-of-band data 
where the out-of-band data is modulated on the average power of the high-speed data signal; 
[0022] Figure 2D illustrates an eye diagram showing out-of-band data modulated using an 
extinction ratio; 

[0023] Figure 2E illustrates a high-speed data signal modulated with out-of-band data 
where the out-of-band data is modulated on the extinction ration of the high-speed data signal; 
[0024] Figure 2F illustrates an eye diagram showing out-of-band data modulated using 
peak power; 
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[0025] Figure 2G illustrates a high-speed data signal modulated with out-of-band data 
where the out-of-band data is modulated on the peak power of the high-speed data signal; 
[0026] Figure 3A illustrates an apparatus for modulating out-of-band data onto the 
average power of a high-speed data signal, where the apparatus includes feedback from a 
monitor photodiode; 

[0027] Figure 3B illustrates an apparatus for modulating out-of-band data onto the 
average power of a high-speed data signal; 

[0028] Figure 3C illustrates an apparatus for modulating out-of-band data onto the 
extinction ratio of a high-speed data signal; 

[0029] Figure 3D illustrates an apparatus for modulating out-of-band data onto the peak 
power of a high-speed data signal; 

[0030] Figure 3E illustrates an apparatus for modulating out-of-band data onto the peak 
power of a high-speed data signal; 

[0031] Figure 4 illustrates an apparatus for receiving a double modulated signal and for 
extracting high-speed data and out-of-band data from the double modulated signal; 
[0032] Figure 5 illustrates a transceiver including hardware for sending and receiving 
high-speed data and out-of-band data; 

w 

0§ a! 5 [0033] Figure 6 illustrates an alternate embodiment of a transceiver including an 

S * h w B I integrated circuit chip that includes various components for sending and receiving high-speed 
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< i 1 1 1 u and out-of-band data; 

2 S © s h [0034] Figure 7 is a diagram illustrating frequency bandwidths including frequencies at 
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which signals are filtered out of a data link, frequencies at which high-speed data is typically 
transmitted, and frequencies available for out-of-band data communications; and 
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[0035] Figure 8 illustrates a network of repeaters configured to communicate high-speed 
and out-of-band data. 




-Page 10- 



DocketNo. 15436.312 



DETAILED DESCRIPTION OF THE INVENTION 
[0036] Embodiments of the present invention include systems and methods for 
modulating high-speed data and out-of-band data as a double modulated signal. The double 
modulated signal is transmitted on a physical link between components in a network of 
connected hosts. Thus, high-speed data that is ordinarily transmitted on a physical link can be 
transmitted with out-of-band data on the same physical link. This allows for the transmission 
of information such as diagnostic information, authentication information, rate negotiation 
information, configuration information etc. 

[0037] The term "high-speed data," as used herein, does not refer to any particular defined 
bandwidth or frequency of data. Rather, high-speed data refers to data typically transmitted 
on a network such as the data typically transmitted for the benefit of the various hosts on a 
network. High-speed data may also be referred herein as in-band data which is a reference to 
the communication band typically used by host systems to communicate data. High-speed 
and in-band data are distinguished from out-of-band data which is typically used to transmit 
data from transceiver to transceiver for the use of the transceivers. While a host may 
subsequently receive the out-of-band data, the host usually receives the out-of-band data from 
a transceiver through a low speed bus such as an I 2 C or MDIO bus. This is contrasted to 

Pi 
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O i * i high-speed data which is typically received by a host from a transceiver through some type of 
fcj g h « B g high-speed data interface. Notably, a host may also produce the out-of-band data and transmit 
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< 2 1 1 § n the out-of-band data to a transceiver on a low speed bus. 

2 S 2 s j [0038] Referring now to Figure 1, an embodiment of the invention that encodes out-of- 
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band data by modulating a high-speed data signal is shown. Figure 1 shows a host device 102 
for use in fiber optic communications. The host device includes a transmitter optical 
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subassembly (TOSA) 104 for transmitting signals across a physical link 106. The host device 
102 also includes a receiver optical subassembly (ROSA) 108 for receiving optical signals 
across a physical link 110. The TOSA 104 is connected to a high-speed data control 112, 
which may include a high-speed modulator that modulates the power output of a signal power 
source such as a laser in the TOSA 104 such that the high-speed data is converted to a form 
that can be transmitted across the physical link 106. As shown in Figure 1, the high-speed 
data control 1 12 modulates the TOSA 104 to produce a high-speed physical layer data signal 
116. Also connected to the TOSA 104 is an out-of-band data control 114. The out-of-band 
data control 114 further modulates the laser in the TOSA 104 using an out-of-band data 
modulator such that an out-of-band data stream 118 is modulated onto the high-speed data 
signal 116 to produce an outgoing double modulated signal 122 that includes high-speed and 
out-of-band data. 

[0039] In the example shown, the modulations of the out-of-band data appear as a change 
in peak power 120 of the outgoing double modulated signal 122. Thus the outgoing double 
modulated signal 122 includes both high-speed data and out-of-band data. The out-of-band 
data may be modulated using a number of different modulation techniques including but not 
limited to phase shift keying, binary phase shift keying, quadrature phase shift keying, and 

oi 

O § * M 5 Manchester encoding. The out-of-band data may actually have a frequency range that is 
6 g h « S g orders of magnitude less than the in-band data. However, to illustrate the principle of double 
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< i I e! 2 w modulation in a simple graphical form, the frequency of the out-of-band data stream 1 18 is 
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2 S 2 s 5 illustrated in Figure 1 as having only a slightly lower frequency than the high-speed data 
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signal 116. Regardless, the principles of the present invention are not limited to the relative 
frequency between the out-of-band data stream 118 and the high-speed data signal 116. 
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[0040] To perform receiving functions, the ROSA 108 includes a signal reception element 
such as a photodiode that receives an incoming double modulated signal. The ROSA 108 
sends all or portions of the incoming double modulated signal to the out-of-band data control 
114 and the high-speed data control 112. The out-of-band data control 114 may include an 
out-of-band detector that extracts the out-of-band data from the incoming double modulated 
signal. The high-speed data control 1 12 may include a high-speed data amplifier that extracts 
high-speed data from the incoming double modulated signal. 

[0041] Referring now to Figure 2A principles of embodiments of the present invention 
may be understood in reference to an eye diagram 200. The eye diagram 200 is a graphical 
representation of signal quality formed by the superposition of multiple bits of data. The eye 
diagram 200 includes shaded regions which are forbidden zones 202. If the boundary of a bit 
falls within the forbidden zones 202, that bit will be interpreted as an error. Thus data 
transmitted across a physical link must be transmitted so that the data does not fall within the 
forbidden zones 202. Certain specifications require that only a limited number of bits be 
interpreted as errors. This is usually expressed as a required bit error rate (BER). The BER 
can be described or quantified based on the eye diagram. The appropriate BERs may be 
expressed in a communications standard, such as the lOGigabit Ethernet standard, which 

Pi 

O | * w = specifies BERs no greater that 10' . 
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G g h „ S g [0042] Bit error rates may also be specified by customer expectations or requirements. 
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< s 1 1 g S Often the BER required by customers purchasing communication equipment exceeds the BER 
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2 S 2 s S specified by a particular communication standard. The BER is a function of the extinction 
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ratio and the average power (P ave in Figure 2A) received by a transceiver. Physical layer 
specifications often specify BER as a minimum and maximum extinction ration. The 
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extinction ratio is the ratio of the power level received by a transceiver when a "1" high-speed 
bit is transmitted (Pi in Figure 2A) to the power level received by a transceiver when a "0" 
high-speed bit is transmitted (Po in Figure 2A). Thus, the extinction ratio is expressed as 
Pi/Po- A particular extinction ratio will cause a sufficient number of high-speed bits to fall 
within a bit margin 204 that is outside of the forbidden zone 202 to achieve a required BER. 
[0043] Also shown in Figure 2A, is a channel margin 206 that defines power levels where 
high-speed data bits can still exist and not be interpreted as errors. The channel margin 206 
may facilitate embedding out-of-band data onto a high-speed data signal. 
[0044] In one embodiment of the invention, the out-of-band data may be embedded onto 
the high-speed data by modulating the average power of the high-speed bits transmitted. This 
example is illustrated by the eye diagram in Figure 2B. The eye diagram is modulated within 
the channel margins 206. In Figure 2B, the eye diagram has the same extinction ratio whether 
a "0" out-of-band data bit or a "1" out-of-band data bit is being transmitted. In other words, 
Pi-oobo/Po-oobo = Pi-oobi/Po-oobi where Pi-oobo is the power transmitted with a "1" high-speed 
bit and a "0" out-of-band bit, Po-oobo is the power transmitted with a "0" high-speed bit and a 
"0" out-of-band bit, Pi-oobi is the power transmitted with a "1" high-speed bit and a "1" out- 
of-band bit and Po-oobi is the power transmitted with a "0" high-speed bit and a "1" out-of- 

O § * m = band bit. Thus, an appropriate BER can be maintained while modulating the out-of-band data 
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6 6 ^ u B I onto the high-speed data. 

< s 1 18 § [0045] Illustratively, Figure 2C shows an out-of-band bit stream modulated onto, a high- 

2 < 2 s 5 speed bit stream. Notably, the bit streams in Figure 2C are not drawn to scale. Typically, an 

Q CO 

out-of-band bit stream, in the embodiment shown, may be NRZ modulation at 19200 baud, 
whereas the high-speed data is at 2.5 Gbits/s. In this example, this results in about 130,000 
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high-speed bits per out-of-band bit. Thus, for clarity, Figure 2C is not drawn to scale. Figure 
2C shows the average power of an optical signal modulated according to an out-of-band bit 
stream. 

[0046] In an alternate embodiment of the invention shown in Figures 2D and 2E, the out- 
of-band data is modulated onto the extinction ratio. In this example, the average power 
remains constant, while the peak power, at both the highest and lowest power outputs, is 
modulated according to an out-of-band bit stream. Figure 2D shows that the extinction ratio 
when a "1" out-of-band bit is being transmitted is greater than when a "0" out-of-band bit is 
being transmitted. Viewed alternatively as shown in Figure 2E, when a "1" out-of-band bit is 
transmitted, the high-speed "1" bits are transmitted with a higher power than when a "0" out- 
of-band data bit is transmitted. Additionally, when a "1" out-of-band bit is being transmitted, 
a "0" high-speed bit is transmitted with less power than when a "0" out-of-band bit is being 
. transmitted. Thus the out-of-band data behaves similar to an amplitude modulation of the 
high-speed data. 

[0047] Another embodiment of the invention, as shown in Figures 2F and 2G, modulates 
a combination of the peak power of the high-speed data and the average power of the high- 
speed data with out-of-band data. In the example shown, the out-of-band bit stream is 

w ~ 

Og ,s modulated onto the high-speed "1" bits. Thus in this case, the extinction ratio of the 
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fc| § w S g transmitted optical signal is higher when a "1" out-of-band bit is sent than when a "0" out-of- 

<j 1 a £ m band bit is sent. Viewed differently, the "1" high-speed bits are transmitted with more power 

2 g 2* j when an out-of-band "1" bit is transmitted than when an out-of-band "0" bit is transmitted. 
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This embodiment may help to simplify high-speed data receiver designs. 
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[0048] Referring now to Figures 3A and 3B, transmitter designs are illustrated that can be 
used to modulate the average power of a high-speed data signal with out-of-band data. A 
transmitter 300 includes a laser driver 302 connected to a laser 304. The laser driver 302 
accepts as one input, an extinction ratio command 306. The extinction ratio command 306 
controls the extinction ratio of signals transmitted by the transmitter 300. The laser driver 302 
further includes a high-speed data input 308, which is a differential input accepting high- 
speed electrical signals. Using the high-speed data input 308, the laser driver modulates the 
laser 304 output power. 

[0049] The transmitter 300 includes various components in a bias circuit for controlling 
the average power output of the laser 304. The bias circuit includes a transistor 310 that 
controls a bias current through the laser 304. The transistor 310 is controlled by an amplifier 
312. The amplifier 312 has, as one input, the sum of an average power command 314 and an 
out-of-band data signal 316. The out-of-band data signal 316 causes the average power 
output of the laser 304 to be modulated according to the out-of-band data signal 316. 
Modulating using the laser driver 302 and the bias circuit creates a double modulated signal 
including both high-speed and out-of-band data. In the example shown, the average power 
command 314 represents 97% of the amplifier 312 input whereas the out-of-band data signal 

pi 
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O I * w 5 316 represents 3% of the amplifier 312 input. These are only exemplary numbers and other 
> § < g " 5 ratios may be used. The amplifier 312 has as feedback, a signal from a monitor photodiode 
< salSa 318. The monitor photodiode 318 monitors the output power of the laser diode 304 and 
2 E 2^ S allows a current to flow through the monitor photodiode 318 that is proportional to laser 

Q CO 

output power. This current is used to generate a signal that is fed into the amplifier 312 as a 
feedback signal. In this way, the average power output of the laser 304 can be maintained at a 
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constant level dictated by the combination of the average power command signal 314 and the 
out-of-band data signal 316. 

[0050] Figure 3B illustrates another transmitter that may be used to modulate the average 
power output of the laser 304 with out-of-band data. The transmitter 320 of Figure 3B is 
similar to the transmitter 300 of 3A. However, the transmitter of 3B excludes the monitor 
photodiode 318 of Figure 3B. Instead, amplifier 312 receives a feedback signal that is 
essentially proportional to the current through the laser 304. 

[0051] Figure 3C illustrates a transmitter 322 that may be used to modulate out-of-band 
data as a modulation of the extinction ratio such as the modulation shown in Figures 2D and 
2E. The transmitter 322 includes a laser driver 302 which has as one input the high-speed 
data signal 308 to modulate the laser 304. Another input into the laser driver is the 
combination of an extinction ratio command signal 306 and the out-of-band data signal 316. 
This causes the laser 304 to produce a double modulated optical signal including both the 
high-speed data and the out-of-band data. The transmitter 322 also includes circuitry to 
control the average power output of the laser 304 such as the transistor 310, the amplifier 312 
and the monitor photodiode 318. As with the embodiment shown in Figure 3B, the monitor 
photodiode 318 may be eliminated in favor of other types of average power feedback. 

Pi 
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O § as M 5 [0052] Figures 3D and 3E illustrate transmitter circuits for modulating a combination of 
5 g h M h g the peak power of the high-speed data and the average power of the high-speed data with out- 
< 2 1 1 £ § of-band data such as is illustrated by the modulation shown in Figures 2F and 2G. The 
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* < § s 5 transmitter 324 shown in Figure 3D includes a laser driver 302 that has a differential high- 
speed data input 308 for modulating the laser 304 with high-speed data. The laser driver also 
has an input that is the combination of an extinction ratio command 306 and an out-of-band 
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data signal 316. The output power of the laser 304 is further modulated by the bias circuitry 
including the amplifier 312 and transistor 310. The amplifier 312 has as one input a 
combination of an average power command 314 and the out-of-band data signal 316. The 
modulation of the out-of-band data signal causes the amplifier 312 and transistor 310 to 
modulate the average power of the laser 304. Notably, to obtain the modulation shown in 
Figures 2F and 2G, when the modulation at the laser driver has a ratio of 97% extinction ratio 
command to 3% out-of-band data, the ratio of average power command is 98.5% to 1.5% out- 
of-band data. As mentioned above, those of skill in the art will recognize that other ratios 
may be used such as 95% extinction ratio command to 5% out-of-band data when the average 
power command is 97.5% to 2.5% out-of-band data. Notably, only two examples of ratios 
have been demonstrated here when in fact multiple other examples are contemplated by 
embodiments of the invention. The channel margin 206 allows for, in theory, an unlimited 
number of ratios for each of the embodiments set forth above. In practice, the ratios are 
limited by the sensitivity of various components within a system. 

[0053] Figure 3E illustrates yet another embodiment of a transmitter that modulates a 
combination of the peak power of the high-speed data and the average power of the high- 
speed data with out-of-band data such as is illustrated by the modulation shown in Figures 2F 
O § * , s and 2G. Figure 3E shows a transmitter 326. The transmitter 326 includes a current source 

g § < B x 5 ^ ^ 0r basing *h e Izser 304. The current source 328 has as an input a high-speed data "0" 
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< 2 1 g £ « level command 330 that defines the amount of current supplied to the laser 304 when a high- 

2 S 2 ° 5 speed data "0" bit is to be transmitted. A laser driver 302 is connected to the laser 304. The 

O CO 

laser driver receives as one input a high-speed data signal 308 that modulates the laser power 
according to the high-speed data signal 308. Notably, the laser driver 302 is shown 
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modulating using only a single drive signal. The laser driver 302 will nonetheless receive a 
differential signal which will be converted by the laser driver 302 to a single drive signal for 
modulating the laser 304. The laser driver 302 also includes an input that is the combination 
of a high-speed data "1" level command 332 and the out-of-band data signal 316. The high- 
speed data "1" level command 332 defines the additional power that is output by the laser 304 
when a high-speed data "1" bit is to be transmitted. By combining the high-speed data "1" 
level command 332 with the out-of-band data signal 316, the out-of-band data is modulated 
onto the "1" bits of the high-speed data as is shown in Figures 2F and 2G. 
[0054] Some embodiments of the invention further include an encoder for encoding the 
out-of-band data prior to using the out-of-band data for modulating the laser 304. The 
encoder may be used to encode the out-of-band data using encoding techniques such as 
Manchester encoding, phase shift keying and the like. 

[0055] Referring now to Figure 4, an exemplary receiver for receiving an incoming 
double modulated signal is shown. Receiver 400, in this example includes a signal reception 
element that, in this case, is a photodiode 402 for receiving a physical layer signal that is an 
optical signal, from a physical link. The photodiode 402 converts the physical layer signal 
into an incoming double modulated electronic signal that in this example is a current through 

W - 

° s * n 5 ^ e photodiode 402. The photodiode 402 is connected to a photodiode current monitor 404 
fcj 1 5 u S g that monitors the current through the photodiode 402. The current monitor 404 is connected, 

< 2 1 1 £ u in the example shown, to a peak detector 408 that can be used to create a signal that can be 

Ills" 

g £ §8^ fed into digital diagnostics 414 and an out-of-band detector 416. The digital diagnostics 414 
monitors at least one of the average power, peak power, extinction ratio of a signal, etc 
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received by the photodiode 402. This information can be used to, among other things, 
monitor and determine the health of transceivers in a network. 

[0056] The out-of-band data detector 416 converts the average power, peak power or 
extinction ratio of the optical signal received at the photodiode 402 into an out-of-band data 
stream. This out-of-band data stream is fed into a UART 418 and further into a 
microprocessor 420 for any suitable use of the out-of-band data stream. In embodiments 
where the out-of-band data has been modulated using modulation techniques such as 
Manchester encoding, phase shift keying and the like, the out-of-band data detector 416 
includes a demodulator to demodulate the out-of-band data. 

[0057] In one embodiment of the invention, the out-of-band data detector may be a 
commercial infrared (IR) remote control decoder, such as those typically used in television 
remote controls or other such equipment. Suitable decoders include receivers such as T2525, 
T2527 and U2538B, available from Amtel Corporation in San Jose, California. IR remote 
control decoders are especially well adapted to receiving out-of-band data signals. IR remote 
control decoders are designed to decode signals derived from ambient lighting, such as 
incandescent and other lights, and modulated IR light signals from a control transmitter, and 
to extract the modulated control signals from the background noise of the ambient light. This 

w 

O § * | situation is somewhat analogous to embedding a relatively small out-of-band data signal on a 
c | h u S I much larger high-speed data signal. Thus, the IR remote control decoders may provide a way 

Hill* 

< s 1 1 g S to implement embodiments of the present invention. 

2 S 2 s ^ [0058] Small currents are caused in the photodiode 402 when optical signals contact the 
photodiode. These small currents pass through a high-speed data input 406 and are fed into a 
high-speed data amplifier, which, in this example, is a transconductance amplifier 422. The 
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transconductance amplifier 422 converts the current from the high-speed data input 406 into a 
differential high-speed data voltage signal. The differential high-speed data voltage signal 
passes through filtering capacitors 424 to a post amplifier 426. The filtering capacitors 424 
remove frequencies below a given threshold such that only high-speed data is transmitted to 
the post amplifier 426. The post amplifier 426 performs appropriate signal processing of the 
high-speed data signal. This processed high-speed data signal is then sent through additional 
filtering capacitors 428 and finally to output terminals 430, where it is available to a device 
having need of the high-speed data signal, such as a host device. 

[0059] Referring now Figure 5, an embodiment of the invention that includes a 
transceiver for receiving and transmitting high-speed data and out-of-band data is shown. The 
transceiver 500 includes a high-speed transmit port 502 for receiving high-speed electronic 
data. The high-speed electronic data may be received from a host device in which the 
transceiver 500 is installed. The high-speed electronic data is transmitted through filtering 
capacitors 504 to a laser driver 506. The laser driver amplifies the high-speed electronic data 
to produce a driving signal which is then passed to a TOSA 510 that converts the driving 
signal into optical data. The laser driver 506 is further connected to a controller 512. The 
controller receives I C data at an I C port 514. The controller delivers the data received from 

O g pi i the I C port 514 through an out-of-band transmission UART 5 16 to the laser driver 506. 

y I h w B g [0060] Embodiments of the invention also contemplate out-of-band data being produced 

d > o 5 h 

< s 1 oh § within the transceiver 500 by the controller chip 512 or other circuitry in the transceiver. For 
2 E 2 * 5 example, the out-of-band data may be digital diagnostic data such as, but not limited to, setup 

O CO 

functions, identification information, eye safety and general fault detection, temperature 
compensation functions, monitoring functions, power on time, margining, and the like. The 
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digital diagnostic data produced by the controller chip may be sent as out-of-band data. 
Notably, the digital diagnostic data may also be produced, in whole or in part, by the host 
device and transmitted to the transceiver across the I 2 C bus. Thus, out-of-band data may 
derive from multiple sources including a host device, or directly from functions performed 
within a transceiver. 

[0061] The laser driver 506 encodes the out-of-band data received from the I 2 C port 514 
onto the driving signal for driving the TOSA 510 and ultimately a laser 528 such that out-of- 
band data is modulated together with a high-speed data signal which is then output as an 
outgoing double modulated optical signal from the TOSA 510. Optical data is received by the 
transceiver 500 at the ROSA 518. The optical data may be an incoming double modulated 
optical signal that includes both high-speed data and out-of-band data. The optical signal is 
converted to an electronic signal by the ROSA 518. The post amplifier 520 extracts high- 
speed electronic data which is then fed to a high-speed output port 522 where the high-speed 
data is made available to a host device in which the transceiver 500 is installed. A decoder 
526 extracts out-of-band data from an electronic signal generated by a photodiode current 
monitor 530 in the ROSA 518 which is then fed into an out-of-band reception UART 524 in 
the controller 512. The decoder 526 may also include demodulation functionality when the 

& 
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O § * 5 out-of-band data has been modulated using some modulation technique. The out-of-band 

> o < B ™ B ^ ata > * n ^ s exam pl e > is modulated at some low frequency. Low frequency as used in this 
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context does not specify any defined bandwidth other than a bandwidth lower than the high- 
2 % ~ s d speed data,. Bandwidths for the out-of-band data are discussed in more detail below in 
conjunction with the description of Figure 7. 
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[0062] Referring now Figure 6 an alternate embodiment of a transceiver is shown. The 
transceiver 600 in Figure 6 may be, for example, an XFP transceiver. The transceiver 600 is 
similar to the transceiver 500 shown in Figure 5 and data communications follow a similar 
path. The transceiver 600 includes a single chip 602 that includes a clock and data recovery 
circuit 604. The clock and data recovery circuit 604 also includes a post amplifier 606 for 
performing digital signal processing on the signals received from the ROSA 618. The clock 
and data recovery circuit 604 is connected to a microprocessor 608 that receives out-of-band 
data extracted by the clock and data recovery circuit 604, which also includes circuitry to 
perform out-of-band data detector functions. On the transmit side of the transceiver 600, the 
microprocessor 608 is connected to a clock and data recovery circuit for sending out-of-band 
data. 

[0063] The clock and data recovery circuit 610 is included in the chip 602. The clock and 
data recovery circuit 610 is connected to a laser driver 612. In one embodiment of the 
invention, such as the example shown in Figure 6, the laser driver 612 is also included on the 
chip 602. The laser driver 612 is connected to a TOSA 614. The clock and data recovery 
circuit may include portions of a high-speed data modulator and out-of-band data modulator 
for driving the laser driver 612. The example shown in Figure 6 illustrates how various 
embodiments of the invention may incorporate elements for accomplishing the sending and 
receiving of the out-of-band data in an integrated single chip. Those skilled in the art 
appreciate that various combinations of components used for transmitting and receiving out- 
of-band data may be incorporated on a single chip within the scope of embodiments of the 
present invention. 
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[0064] Referring now to Figure 7, a graph illustrating how out-of-band digital data may 
be transmitted across a physical link is shown. The out-of-band data is considered in the 
context of the frequency response of data on components associated with the transmission of 
data on the physical link. Ordinarily, high-speed digital data is transmitted within certain 
frequency parameters or within a certain data frequency bandwidth 702. This is often a 
function of the frequency, i.e. 1 gigabit, 2 gigabit, 4 gigabit etc, that is specified for a given 
communications protocol. This may also be a function of filters. As shown in Figures 4 and 
5, filtering capacitors such as filtering capacitors 424, 428, 504 and 508 are used to filter out 
low frequency signals. These filtering capacitors, in one embodiment of the invention are 
designed to filter out frequencies below 30 kHz. High-speed digital data is usually 
transmitted such that the signal is DC balanced. This is done by transmitting, on the average, 
an equal number of Is and 0s. A signal that is DC balanced, in this context, does not have a 
DC value. This allows the entire signal to pass through filtering capacitors, such as filtering 
capacitors 504 and 508 shown in Figure 5. The filtering capacitors block all DC portions of a 
signal as well as other low frequency signals. Several techniques may be used to DC balance 
a signal. For example, 8 bits of binary data may be transmitted using a 10 bit word. The extra 
bits are used to balance the number of Is and 0s. This type of coding may be used, for 

O § * m 5 example, with 1 to 4 gigabits/second Ethernet and Fiber Channel links. This type of coding 
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S s<S^5 usually results in the signal being transmitted at frequencies above lOOKhz. For telecom 

< s 1 | £ « systems such as SONET or SDH, and 10G Datacom links, scrambling techniques can be used 
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2 S to randomize the bit-stream and thus balance the Is and 0s. As mentioned above, each of 
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these DC balancing techniques, alone or in combination with filtering, results in the high- 
speed data being within a high-speed data bandwidth 702. 
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[0065] Out-of-band data can thus be transmitted at frequencies below, or in some 
embodiments above, the high-speed data bandwidth 702. The data bandwidth for modulating 
out-of-band data is shown in Figure 7 as the out-of-band data bandwidth 704. Thus, the out- 
of-band data resides in the out-of-band data bandwidth 704. To accomplish out-of-band 
modulation,, in one embodiment of the invention, a modulated data signal that has been 
modulated with high frequency data is further modulated with a data stream of out-of-band 
data within frequencies within the out-of-band data bandwidth 704. 

[0066] Referring now to Figure 8, an embodiment of the invention that allows for 
transmission of out-of-band data between repeaters in a data transmission range extension 
embodiment is shown. Some long-haul data transmission applications require that 
intermediary repeaters be used to ensure that data of suitable quality can be transmitted across 
the long haul data link. For example, transmission along a fiber-optic cable from one end of 
the United States to the other end of the United States may require intermediary repeaters to 
accomplish the transmission with suitable signal quality. Figure 8 shows a first repeater 802 
that includes a TOSA 804 and a ROSA 806. The repeater 802 receives a signal at the ROSA 
806. The signal is passed to a signal processor 808 that may perform various digital signal 
processing tasks, such as removing noise, boosting signal power or other tasks to improve the 
O I * S quality of the signal. The processed signal is then passed to the TOSA 804, where it may be 

girsil* 

> I S w " 5 further retransmitted by repeaters 810 and 812. Repeater 802 also includes out-of-band logic 

2 ^ " < b >: 
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< 2 1 | % w suc h a microprocessor 814 that, among other things, may be used to extract and insert out-of- 
2 E 2 ° S3 band data onto the signal sent and received by the repeater 802. 

O (A 

[0067] In one exemplary use of the repeater 802, digital diagnostic information for the 
repeater 802 is sent as out-of-band data through a network of repeaters, such as a network that 
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includes repeaters 802, 810 and 812. The out-of-band data may be concatenated by each of 
the repeaters in the chain to include digital diagnostic information for each of the repeaters. 
Thus, the health of repeaters in the communication network can be monitored by a device 
remote from the repeaters. One example of where this is useful is a network in which a 
repeater is located in a remote location, such as a rural area, an uninhabited region, or on the 
ocean floor. When troubleshooting network problems, it may be prohibitively expensive to 
physically retrieve and test repeaters. However, where diagnostic information for each of the 
repeaters is included in out-of-band communications, the health and status of the repeater may 
be monitored remotely such that it is unnecessary to physically retrieve and test the repeater. 
[0068] In one embodiment of the invention, the out-of-band data that includes digital 
diagnostic information from each of the repeaters may also be used to monitor the health of 
fiber optic links between the repeaters. For example, when the digital diagnostic information 
includes the power of a transmitted signal and the power of a received signal, calculations can 
be done by subtracting the power received by a receiving repeater from the power sent by a 
sending repeater to the receiving repeater. Significant power loss may indicate the need to 
repair or replace a link between repeaters. 

[0069] In another embodiment of the invention, configuration information may be sent to 
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O § ^5 a remote host, repeater or other device. This helps to avoid the expensive prospect of 

S § s w S g physically retrieving or being physically in the presence of the device to configure the device. 

< 2 1 § £ u Configuration information may include, for example, instructions for the device to shut off, 
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2 * 1 s jjj information designating a communication rate, information indicating that laser power should 
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be reduced or suspended etc. 
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[0070] In other embodiments of the invention, diagnostic information may be requested or 
automatically sent by a device. In one embodiment, a device can check to insure 
compatibility with other devices on a network by requesting information such as identification 
information. In one embodiment the identification information includes information about the 
manufacturer of a particular device such that a device requesting diagnostic information may 
be able to determine that the particular device has been qualified for use with the device 
requesting diagnostic information. 

[0071] In another embodiment of the invention, diagnostic information such as signal loss 
across a physical link, can be determined. For example, a device may indicate the power at 
which a signal is transmitted. A device that receives a signal may indicate in out-of-band data 
the amount of power received. Thus by comparing the power of the signal sent with the 
power of the signal received, the loss caused by the physical link between the two devices can 
be determined. 

[0072] In yet another embodiment of the invention, security can be maintained between 
devices in a network by sending identification and authentication information using the out- 
of-band data. Hardware or software encoded encryption keys exist on devices within the 
network which can be used to generate identification information or encrypted tokens for 

Pi 
w 

O I * i presenting to other devices in a network. Thus a secure connection can be implemented 
g o < S ^ 5 between devices were those devices are appropriately matched to one another using hardware 
<j i 1 1 B % embedded encryption keys and the out-of-band data to communicate authentication and 
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2 £j § s 5 identification information. 

g < 2 

[0073] The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. The described embodiments are to be considered in 
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all respects only as illustrative and not restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the foregoing description. All changes that 
come within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 
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